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FIELD 

[0001] The invention relates to a decoder for a trellis code. 
BACKGROUND 

[0002] The channel used in telecommunications systems frequently 
causes interference in data transmission. Interference occurs in all kinds of 
systems but particularly in wireless telecommunications systems the transmis- 
sion path attenuates and distorts the signal to be transmitted in various ways. 
On the transmission path interference is typically caused by multi-path propa- 
gation of the signal and different kinds of fading and reflection as well as by 
other signals transmitted on the same transmission path. 

[0003] To reduce the influence of interference, different coding 
methods have been provided to protect signals from interference and to elimi- 
nate errors caused by interference in the signals. One frequently used encod- 
ing method is convolutional encoding. In convolutional encoding the signal 
consisting of symbols is encoded into code words, which are based on the 
convolution of the symbols with themselves or with another signal. The coding 
rate and coding polynomials define the convolutional code. The coding rate 
(k/n) means the number (n) of encoded symbols in relation to the number (k) of 
symbols to be encoded. The coding is usually implemented by means of shift 
registers. The constraint length K of the code refers to the degree of coding 
polynomials plus one. The coding process may be regarded as a state ma- 
chine with 2 K ~ 1 states. 

[0004] A signal that has propagated on a channel is decoded in a 
receiver. The convolutional code can be both encoded and decoded using a 
trellis whose nodes (or equally states) correspond to the states of the encoder 
used in signal encoding and the paths between nodes belonging to two suc- 
cessive trellis columns of the trellis correspond to allowed state transitions be- 
tween the encoder states. The code unequivocally attaches the beginning and 
the end state of the transition, the bit under encoding and the bits of the encod- 
ing result to each state transition. The purpose of the decoder is thus to deter- 
mine successive states of the coder, i.e. transitions from one state to another, . 
which are caused by the original bits. To determine the transitions, metrics are 
calculated in the decoder. There are two kinds of metrics: path metrics (also 
state metrics) and branch metrics. The path metrics represent the probability at 
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which the set of symbols included in the received signal leads to the staite cor- 
responding to the node in question. The branch metrics are proportional to the 
probabilities of transitions. A Viterbi algorithm is usually used in decoding of a 
convolutional code. 

[0005] The more states the code has, the more complicated de- 
coder is needed. Usually the decoder can calculate for example eight new path 
metrics in parallel, whereupon 32 successive phases are needed to calculate 
one trellis column of a 256-state convolutional code. Another possibility is to 
extend parallel calculation over trellis columns, whereby four ACS-units (Add- 
Compare-Select) are used for one column, and to which ACS-units four more 
ACS-units are connected for calculating the path metrics of the next trellis col- 
umn. With such an arrangement the calculation of the path metrics is ad- 
vanced by two trellis columns instead of just one. Calculation of one column 
pair of a 256-state convolutional code necessitates 64 successive phases, but 
because calculation is performed over two columns, only 32 calculation phases, 
are needed for each column. The calculation efficiency is thus the same as 
with eight ACS-units processing one column, but the bus width has been 
halved, which is a significant advantage, especially if there exists a great num- 
ber of ACS-units. 

[0006] We are interested in the solution wherein calculation over at 
least two trellis columns is performed, especially of interest is the control of the 
data flow routing, i.e. how old path metrics are retrieved into a path metrics 
calculation unit from the memory and how new path metrics are stored in the 
memory from the path metrics calculation unit. The prior art solutions have too 
complicated bus arrangements, especially if the same decoder is used for sev- 
eral different codes each having a different number of states. 

BRIEF DESCRIPTION 

[0007] The present invention seeks to provide an improved decoder 
for a trellis code. 

[0008] According to an aspect of the present invention, there is pro- 
vided a decoder for a trellis code, comprising: a path metrics calculation unit 
for calculating path metrics over at least two trellis columns in a trellis, the path 
metrics calculation unit including an input interface for old path metrics and an 
output interface for new path metrics; a memory for storing path metrics of the 
trellis, the memory including a read interface for reading old path metrics from 
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the memory and a write interface for writing new path metrics into the memory; 
an input multiplexer connected between the read interface of the memory and 
the input interface of the path metrics calculation unit; an output multiplexer 
connected between the output interface of the path metrics calculation unit and 
the write interface of the memory; and a control for controlling configuration of 
the input multiplexer and configuration of the output multiplexer on the basis of 
states of the trellis, which state of the trellis defines the way the old path met- 
rics and the new path metrics relate to each other, whereby internal configura- 
tion of the path metrics calculation unit remains the same for different code 
constraint lengths. 

[0009] The solution of the invention is especially effective when the 
code has many states, for example 64, 128, 256 states or more. In the inven- 
tion the routing of path metric buses is controlled with the help of the states of 
the code. With the invention the routing structures for buses are unified so that 
the same path metrics calculation unit can be used for decoding of codes hav- 
ing different code constraint lengths. 

LIST OF FIGURES 

[0010] Preferred embodiments of the invention are described below 
by way of example and with reference to the attached drawings, in which 

[0011] Figure 1 is a simplified block diagram illustrating a transmitter 
and a receiver; 

[0012] Figure 2 illustrates an eight-state systematic and recursive 
convolutional code encoder; 

[0013] Figure 3A illustrates two successive trellis columns, and Fig- 
ure 3B illustrates a butterfly chart; 

[0014] Figures 4A, 4B, 4C and 4D illustrate feasible combinations of 
winner paths in the butterfly chart of Figure 3B; 

[0015] Figure 5A illustrates an encoder whose coding rate is 1/2 for 
a convolutional code with 256 states, and Figure 5B illustrates an encoder 
whose coding rate is 1/3 for a convolutional code with 256 states; 

[0016] Figure 6 illustrates a path metrics calculation unit with four 
parallel buses; 

[0017] Figure 7 illustrates the structure of the path metrics calcula- 
tion unit with double ACS-units; 
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[0018] Figure 8 is a simplified block diagram illustrating a decoder 
for a trellis code, especially illustrating the parts needed for routing the input 
and output buses of the path metrics calculation, when the calculation is per- 
formed over two trellis columns; and 

[0019] Figure 9 illustrates a trellis decoder when the calculation is 
extended over three trellis columns. 

DESCRIPTION OF EMBODIMENTS 

[0020] First we will describe, with' reference to Figure 1, an example 
of a transmitter 100 and a receiver 102 where the decoder for the trellis code 
can be used. In the example of Figure 1 the transmitter 100 and the receiver 
102 communicate via a radio channel 104. The transmitter 100 comprises a 
data source 106, which may be a speech encoder or another conventional 
data source used in circuit-switched or packet-switched data transmission. A 
signal 108 to be transmitted is received from the output of the data source and 
supplied to a channel encoder 110, which in this case is a convolutional en- 
coder. The encoded symbols 112 are supplied to a modulator 114, where the 
signal is modulated in a prior art manner. The modulated signal is supplied to 
radio frequency parts 116, where it is amplified and transmitted to the radio 
path 104 by an antenna 1 18. 

[0021] On the radio path 104 the signal is affected by interference 
and typically by noise, too. The receiver 102 comprises an antenna 120 for 
receiving the signal, which is supplied to a demodulator 124 via radio fre- 
quency parts 122. The demodulated signal is supplied to a channel decoder 
126, where the signal is decoded using the trellis as described below. From the 
decoder the decoded signal 128 is supplied further to the other parts of the 
receiver 102. 

[0022] Next, the principle of the trellis will be explained. It is known 
that a trellis whose nodes correspond to the encoder states is naturally related 
to each convolutional code. The nodes of two successive trellis columns are 
connected by paths, which are determined by the state transitions allowed by 
the convolutional code. The convolutional code attaches the beginning and the 
end state, the bit to be encoded and the bits of the encoding result unequivo- 
cally to each state transition. 

[0023] An eight-state systematic and recursive encoder for a convo- 
lutional code will be described next with reference to Figure 2. An input bit, 
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which is described in the first column of Table 1, enters the input 200 of the 
encoder. The present state of the encoder, i.e. the bits from each block 214, 
216, 218 arranged one after another, is illustrated in the second column of Ta- 
ble 1 . Columns 2 and 3 present the states using binary numbers, but the cor- 
responding decimal numbers are also presented in parentheses. The contents 
of the delay elements 214, 216, 218 are interpreted into a binary digit such that 
the most significant bit is in the delay element 214 and the least significant bit 
is in the delay element 218. The third column in the table shows the next state 
of the encoder. The encoder has two outputs: a systematic bit exits from output 
202 and a parity bit from output 204, which is illustrated in the fifth column of 
Table 1. Thus the coding result of one state transition of the encoder com- 
prises two bits: a systematic bit and a parity bit. The encoder further comprises 
summing blocks 206, 208, 210 and 212 for implementing recursion. Because 
two output bits are generated for each input bit, the coding rate is 1/2. 
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[0024] Figure 3A illustrates two successive trellis columns 320, 322 
of the trellis of the encoder shown in Figure 2. The numbers in parentheses in 
the second and the third column of Table 1 refer to the trellis nodes denoted by 
numbers 0 to 7 in Figure 3A. Table 1 also shows state transitions of the en- 
coder in the fourth column. Each state has two feasible new states, which are 
determined according to the input bit to be encoded at a given time. The trellis 
has one trellis column more than is the number of bits to be encoded and pos- 
sibly a few extra trellis columns thanks to the termination method used. 

[0025] A butterfly chart for part 324 of the trellis of Figure 3A is 
shown in Figure 3B. The butterfly chart consists of the nodes 300, 302 of the 
preceding trellis column 320 and of the nodes 304, 306 of the present trellis 
column 322. The butterfly chart also includes the allowed state transitions 310, 
312, 314, 316. 

[0026] In the butterfly chart the path metrics of the states n and 
n+N/2 are calculated from the path metrics of states 2n and 2n+1, where N is 
the number of states for the code, for example N=8 and n=0,1,2,...,N/2-1. The 
calculation of the path metrics and the branch metrics and the connection be- 
tween them are determined by the convolutional code and the decoder ap- 
plied. During the calculation of the path metrics, the transition from one trellis 
column to another is performed by an ACS-operation (Add-Compare-Select) in 
the butterfly chart. f Add f refers to adding the branch metrics of the allowed 
transition paths to the path metrics of the first trellis column. 'Compare 1 refers 
to the fact that in the nodes of the second trellis column, the values of the path 
metrics of the paths that are allowed to arrive in these nodes are compared 
with one another. 'Select' refers to the fact that in the node of the second trellis 
column a path representing the best path metrics value is selected as. the path 
of the node in question, i.e. this path is the winner (or survivor) path. The lost 
paths are rejected. The trellis typically describes a binary-encoded signal, in 
which case there are two feasible paths 310, 312, 314, 316 from one node 
300, 302 of the first trellis column to the two nodes 304, 306 of the second trel- 
lis column. For calculating the path metrics of nodes 304, 306, one ACS- 
operation is needed for each node. Usually the transition path of the winner 
path is stored in a memory for further processing. For example, when the win- 
ner path of the node 304 has arrived along the transition path 310, then a bit 
with value 0 is stored in the memory, and when the winner path of the node 
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304 has arrived along the transition path 312, then a bit with value 1 is stored 
in the memory. 

[0027] In the butterfly chart of Figure 3B the values X and Y of the 
new path metrics can be calculated e.g. as follows: 
(X = max(A + Pl,B + P2) 
[Y = max(A + P3 9 B + P4), 

where A and B are the values of the path metrics from the preceding 
trellis column and P1, P2, P3 and P4 are the corresponding values of the 
branch metrics between the nodes. Information on the transition path may be 
stored such that a winning path stemming from the node 300 is denoted with a 
bit with value 0 and a winning path stemming from the node 302 is denoted 
with a bit with value 1. The path metrics of all nodes of one trellis column can 
be calculated by processing all butterfly charts. 

[0028] Figures 4A, 4B, 4C and 4D list all the possible ways in which 
the winner paths can be formed in the case of the example shown in the but- 
terfly chart of Figure 3B. Figure 4A illustrates a case where the winner path of. 
node 304 is path 310 and its rejected path is path 312, and the winner path of 
node 306 is path 316 and its rejected path is path 314. In Figure 4B the winner 
path of node 304 is path 312 and its rejected path is path 310, and the winner 
path of node 306 is path 314 and its rejected path is path 316. In Figure 4C the 
winner path of node 304 is path 310 and its rejected path is path 312, and the 
winner path of node 306 is path 314 and its rejected path is path 316. In Figure 
4D the winner path of node 304 is path 312 and its rejected path is path 310, 
and the winner path of node 306 is path 316 and its rejected path is path 314. 

[0029] Above it has been explained how the trellis relates to the 
convolutional code. In the example code the number of states is relative small, 
eight, which is also the length of the trellis column. All new path metrics of one 
trellis column can be calculated simultaneously utilizing only eight ACS-units. 
The more the code has states, the better the protection against interference. 
Also the coding rate influences positively the protection capability of the code: 
the smaller the rate, the better the protection. Figure 5A presents a convolu- 
tional encoder whose coding rate is 1/2, and whose coding polynomials are 
G0(x)=1+x 2 +x 3 +x 4 +x 8 and G1(x)=1+x+x 2 +x 3 +x 5 +x 7 +x 8 . The number of the 
states is 256. Input bit enters the input 500 of the encoder. The delay elements 
502, 504, 506, 508, 510, 512, 514, 516 each have a value of 0 or 1. The en- 
coder also comprises the summing blocks 520, 522, 524, 526, 528, 530, 532, 
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534, 536, 538. As with the encoder of Figure 2, the encoder state is a number 
where the least significant bit (LSB) is on the right and the most significant bit 
(MSB) on the left. For example, state 128=10000000 is such that the leftmost 
delay element 502 has value 1 and all other delay elements each have value 
0. The encoder has two outputs 540 and 542. In Figure 5B there is presented 
a similar encoder with 256 states but with a coding rate 1/3 and with coding 
polynomials G0(x)= 1 +x 2 +x 3 +x 5 +x 6 +x 7 +x 8 , G1(x)=1+x+x 3 +x 4 +x 7 +x 8 , and 
G2(x)=1+x+x 2 +x 5 +x 8 . The encoder of Figure 5B has three outputs 580, 582, 
584, and thus also more summing blocks 550, 552, 554, 556, 558, 560, 562, 
564, 566, 568, 570, 572, 574, 576, 578 than the encoder of Figure 5A. 

[0030] With reference to Figures 6 and 7, the calculation of path 
metrics over two columns using eight ACS-units, which are divided into two 
groups each having four ACS-units, is examined. These two groups are con- 
nected to each other. Each group calculates the path metrics of one trellis col- 
umn such that the latter group takes on the calculation from the path metrics 
calculated by the previous group. Between the incoming path metrics 602 of 
the path metrics calculation unit 600 and the outgoing path metrics 604 of the 
path metrics calculation unit 600 there is determined the following relation: the 
incoming path metrics of the state 4n+p corresponds with the outgoing path 
metrics of the state n+pN/4, where N is the total number of code states, n gets 
the values 0, 1, 2,..., N/4-1, and p gets the values 0, 1, 2 and 3. In an input in- 
terface 606 of the path metrics calculation unit 600 the path metrics comprise 
sets having four path metrics each such that the path metrics of the states 4n, 
4n+1, 4n+2 and 4n+3 belong to each set. When the path metrics of the incom- 
ing group 602, i.e. 4n, 4n+1, 4n+2 and 4n+3, are fed into the input interface 
606 of the path metrics calculation unit 600, then after processing the set in the 
ACS-units, the path metrics of the corresponding outgoing set 604, i.e. n, 
n+N/4, n+2N/4 and n+3N/4, are obtained from the output interface 608 of the 
path metrics calculation unit 600, as illustrated by Figure 6. 

[0031] Within the path metrics calculation unit 600 the trellis of the 
code determines the path metrics of the states, as illustrated in Figure 7. For 
the first column the input path metrics are processed as follows: the path met- 
rics of states 2n and 2n+N/2 are calculated in the double ACS-unit 700 from 
the path metrics of states 4n and 4n+1, and the path metrics of states 2n+1 
and 2n+1+N/2 are calculated in the double ACS-unit 702 from the path metrics 
of states 4n+2 and 4n+3. For the second column the path metrics of the first 
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column are processed as follows: the path metrics of states n and n+N/2 are 
calculated in the double ACS-unit 704 from the path metrics of states 2n and 
2n+1, and the path metrics for states n+N/4 and n+3N/4 are calculated in the 
double ACS-unit 706 from the path metrics of states 2n+N/2 and 2n+N/2+1 . 

[0032] Next it is examined with reference to Figure 8 how the path 
metrics are placed in the memory 850, 856, how they are fed into the input in- 
terface 606 of the path metrics calculation unit 600 from the memory 850, and 
how they are fed from the output interface 608 of the path metrics calculation 
unit 600 back into the memory 856. Four path metrics memories 800, 802, 
804, 806 are needed for the old path metrics and other four path metrics 
memories 816, 818, 820, 822 are needed for the new path metrics. If the 
memories are dual-port memories, then only four path memories altogether are 
needed. Both the memories of the old path metrics and the memories of the 
new path metrics are numbered from 0 to 3 and they are thus correspondingly 
denoted as M0, M1 , M2 and M3. The path metrics of each state always belong 
to the memory with the same denotation irrespective of whether it is old or new 
path metrics. Let us denote the state with s that gets the values 0, 1 , 2, 3,..., N- 
1. The path metrics of the state s belong to the memory Mk, where k=0, 1, 2, 3, 
if 

(s div (N/4)) XOR (s mod 4) = k, (2) 
where XOR is a bit-wise exclusive OR for a binary number. Thus xy 
= ab XOR cd means that x = a XOR c and y = b XOR d. By X div Y is denoted 
integral part of the division (X/Y), and by A mod B is denoted the remainder of 
the division (A/B). The address of state s in the corresponding memory is 

(sdiv 4). (3) 
[0033] Table 2 illustrates the contents of the four memories for a 
code having 256 states. 

[0034] The four read addresses of an n:th input set, that is, the path 
metrics of the states 4n, 4n+1, 4n+2 and 4n+3, are the same for all four path 
metrics and the addresses are n for the memories M0, Ml, M2, M3. The write 
addresses of the output path metrics of the n:th input set, that is, the write ad- 
dresses of the path metrics of the states n, n+N/4, n+2N/4 and n+3N/4, are 
equal to n div 4, (n+N/4) div 4, (n+2N/4) div 4, and (n+3N/4) div 4 at the input 
of the output multiplexer. The write addresses are routed with their path met- 
rics using a multiplexer, as will be explained below. 
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[0035] The path metrics coming into the path metrics calculation 
unit 600 are always in the same order, for n=49 the order is 196, 197, 198, 
199, for example, but in the memory the order of the path metrics varies in ac- 
cordance with the number value of the state, the order in memory for n=49 is 
199, 198, 197, 196, cf. Table 2, Figures 5A, 5B and 6. Thus between the 
memories 800, 802, 804, 806, 816, 818, 820, 822 and the path metrics calcu- 
lation unit 600 we need multiplexers 830, 832, i.e. bus control switches, in or- 
der to route path metrics correctly while transferring the path metrics informa- 
tion between the memories and the path metrics calculation unit. In Table 2 the 
operation of the input multiplexer 830 is illustrated in the column IN MUX and 
the operation of the output multiplexer 832 in the column OUT MUX. 
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Table 2 



[0036] Thus the decoder for the trellis code comprises the path met- 
rics calculation unit 600 for calculating path metrics over at least two trellis col- 
umns in a trellis. The path metrics calculation unit 600 includes an input inter- 
face 606 for old path metrics and an output interface 608 for new path metrics. 
The decoder also comprises the memory 850, 856 for storing path metrics of 
the trellis. The memory 850, 856 includes a read interface 852 for reading old 
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path metrics from the memory 850. and a write interface 854 for writing new 
path metrics into the memory 856. The decoder also comprises two multiplex- 
ers: an input multiplexer 830 connected between the read interface 852 of the 
memory 850 and the input interface 606 of the path metrics calculation unit 
600, and an output multiplexer 832 connected between the output interface 
608 of the path metrics calculation unit 600 and the write interface 854 of the 
memory 856. And finally, for the calculation of the path metrics we need a con- 
trol 840, 842, 844, 846 in the decoder for controlling configuration of the input 
multiplexer 830 and configuration of the output multiplexer 832 on the basis of 
states 824 of the trellis. The state 824 of the trellis defines the way the old path 
metrics and the new path metrics relate to each other, whereby internal con- 
figuration of the path metrics calculation unit 600 remains the same for differ- 
ent code constraint lengths. 

[0037] The decoder for the trellis code is usually implemented by 
one or more application-specific integrated circuits (ASIC). Other hardware 
implementations may also be feasible, such as a circuit made of separate logic 
components, or even a software implementation, such as a processor with 
software, provided that enough processing capacity and speed is provided by 
the implementation. A hybrid combination of these implementation techniques 
is also possible. In selecting the implementation technique, a person skilled in 
the art will take into consideration for instance the requirements set on the size 
and power consumption of the device, the required processing power and 
speed, manufacturing costs and production volumes. 

[0038] In an embodiment the multiplexer 830, 832 includes as many 
interconnected sub-multiplexers 808, 810, 812, 814 as there are trellis columns 
over which the path metrics are calculated. In the embodiment of Figure 8 both 
the input multiplexer 830 and the output multiplexer 832 include two serially 
interconnected sub-multiplexers 808, 810 and 812, 814. In the first sub- 
multiplexer 810, 814 two neighboring buses exchange data. The first sub- 
multiplexer 810, 814 is denoted with 1X. In the second sub-multiplexer 808, 
812 two neighboring bus pairs exchange data. The second sub-multiplexer 
808, 812 is denoted with 2X. The order between the sub-multiplexers is irrele- 
vant as long as the control signals take the order into account. The control can 
be such that if the control signal has value 1 the exchange is performed, with 
value 0 the exchange is not performed. Such an operation of the multiplexer 
where neither sub-multiplexer changes the order of the buses is denoted with 
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OX, i.e. it is a direct connection. Denotations OX, 1X and 2X are also used in 
Table 2. Denotation 1X2X means that both 1X and 2X are performed. 

[0039] In an embodiment the control 840, 842, 844, 846 includes a 
binary counter 824 representing a state of the trellis. The control 840, 842, 
844, 846 depends on the bit values of predetermined positions in the binary 
counter 824. In our example the control is realized by a number value of the 
state s that can be expressed with index n as follows: s=4n+p, where n=0, 1, 
2,..., N/4-1 and p=0, 1, 2, 3. When the state is expressed as a binary number, 
then its most significant bit controls 840 the 2X sub-multiplexer 808 in the input 
multiplexer 830, and its second most significant bit controls 842 the 1X sub- 
multiplexer 810 in the input multiplexer 830. Consistently this can be ex- 
pressed such that the most significant bit of the index n controls 840 the 2X 
sub-multiplexer 808 in the input multiplexer 830, and its second most signifi- 
cant bit controls 842 the 1X sub-multiplexer 810 in the input multiplexer 830. 
The least significant bit of the index n controls 846 the 1X sub-multiplexer 814 
in the output multiplexer 832, and its second least significant bit controls 844 
the 2X sub-multiplexer 812 in the output multiplexer 832. Consistently the out- 
put multiplexer 832 can be controlled 844, 846 with the third and fourth least 
significant bits of the state s, because in our example n=s/4. The update step 
of the state s is 4 and that of n is 1 . 

[0040] Let us examine Table 2 and Figure 8. When index n=0, the 
path metrics of states 0,1,2 and 3 are taken from the address 0 of four memo- 
ries 800, 802, 804, 806 and the path metrics are then fed through the input 
multiplexer 830 into the path metrics calculation unit 600. Because 
n=0=000000, the input multiplexer 830 does not perform any exchanges be- 
tween the buses, and hence the old path metrics remain in the original buses. 
The path metrics calculation unit 600 calculates the new path metrics of the 
states 0, 64, 128 and 192 from the path metrics of the states 0, 1, 2 and 3. 
These new path metrics are fed through the output multiplexer 832 into four 
memories 816, 818, 820, 822. Because n=000000, the output multiplexer 832 
does not perform any exchanges between the buses, and hence the new path 
metrics remain in the original buses: the path metrics of the state 0 is stored in 
the M0 memory 816, the path metrics of the state 64 is stored in the M1 mem- 
ory 818, the path metrics of the state 128 is stored in the M2 memory 820, and 
the path metrics of the state 192 are is stored in the M3 memory 822. For each 
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state 0, 64, 128 and 192 the address is the number value of the state divided 
by four, i.e. 0, 16, 32 and 48, as can be seen from Table 1 . 

[0041] In the next phase 1 is set as the value for index n, where- 
upon the path metrics of the states 4, 5, 6 and 7 are fetched from the memo- 
ries 800, 802, 804, 806 through the input multiplexer 830 into the path metrics 
calculation unit 600. Because two highest bits of the index n=000001 still have 
value zero, the input multiplexer 830 does not perform any exchanges between 
the buses, i.e. the path metrics remain in their original buses. The path metrics 
calculation unit 600 calculates the new path metrics of states 1, 65, 129 and 
193 from the old path metrics of the states 4, 5, 6 and 7, and the new path 
metrics are stored through the output multiplexer 832 in the memories 816, 
818, 820, 822. As tha least significant bit of index n has value 1, the 1X sub- 
multiplexer 814 of the output multiplexer 832 exchanges the data within each 
pair of two neighboring buses. In the row n=1 in Table 2 in column OUT MUX 
we now have 1X. Thus the order 1, 65, 129 and 193 is now changed into the 
order 65, 1, 193 and 129. The path metrics of the state 65 is stored in the ad- 
dress 16 of the M0 memory 816, the path metrics of the state 1 is stored in the 
address 0 of the M1 memory 818, the path metrics of the state 193 is stored in 
the address 48 of the M2 memory 820, and the path metrics of the state 129 
are stored in the address 32 of the M3 memory 822, as is illustrated in Table 2. 

[0042] In this way all values of the index n will be processed. As a 
final example when n=50=110010, then the path metrics of the states 203, 
202, 201 and 200 will be retrieved from the memories 800, 802, 804, 806. Be- 
cause two highest bits of the index n have value 1 , then the input multiplexer 
830 performs exchange both in the 1X sub-multiplexer 810 and in the 2X sub- 
multiplexer 808. Due to this the path metrics calculation unit 600 receives the 
path metrics in the right order of 200, 201, 202 and 203. The path metrics cal- 
culation unit 600 then calculates the new path metrics of the states 50, 114, 
178 and 242. Because the index n=1 10010, the output multiplexer 832 per- 
forms exchange in its 2X sub-multiplexer 812. After the output multiplexer 832 
the order of the path metrics is 178, 242, 50 and 114. The path metrics of the 
state 178 is stored in the address 44 of the M0 memory 816, the path metrics 
of the state 242 is stored in the address 60 of the M1 memory 818, the path 
metrics of the state 50 is stored in the address 12 of the M2 memory 820, and 
the path metrics of the state 114 are stored in the address 28 of the M3 mem- 
ory 822, as is illustrated in Table 2. 
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[0043] The described solution is used for decoding of convolutional 
codes having different code constraint lengths as the change in the code con- 
straint length is taken into account. This means that the control signals 840, 
842 of the input multiplexer 830 have to be taken from a different place in the 
state register 824 for a code with 128 states than for a code with 256 states, 
because the number of states has been changed. Therefore the construction 
of the path metrics calculation unit 600 need not be changed as the code con- . 
straint length varies. 

[0044] Even though the foregoing example describes the path met- 
rics calculation over two columns, the solution can be adapted to the calcula- 
tion of path metrics over three or four trellis columns, for example. When the 
calculation is performed over three trellis columns, eight ACS-units are needed 
for each column and thus altogether i24 ACS-units are needed. Figure 9 illus- 
trates a trellis decoder that computes the path metrics over three trellis col- 
umns without saving the path metrics in the memory between the three col- 
umns. In this case the path metric of the state 8n+p at the input interface 606 
of the path metrics calculation unit 600 is associated with the path metric of the 
state n+pN/8 at the output interface 608 of the path metrics calculation unit 
600, here n=0, 1,2 N/8-1, and p=0, 1, 2, 3, 4, 5, 6, 7, and N is the num- 
ber of the states. The n:th set 602 of the ingoing path metrics consists of the 
path metrics of the states 8n, 8n+1, 8n+2, 8n+3, 8n+4, 8n+5, 8n+6, 8n+7 and 
the corresponding outgoing set 604 is n, n+N/8, n+2N/8, n+3N/8, n+4N/8, 
n+5N/8, n+6N/8, and n+7N/8. Table 3 shows how the path metrics of a 256- 
state code are stored in eight memories 800, 802, 804, 806, 900, 902, 904, 
906 and how the l/O-multiplexers 830, 832 route path metrics from the input 
memories 850 to the path metrics calculation unit 600 and from there to the 
output memories 816, 818, 820, 822, 912, 914, 916, 918. 

[0045] In the embodiment of Figure 9 both the input multiplexer 830 
and the output multiplexer 832 include three serially interconnected sub- 
multiplexers 808, 810, 908 and 812, 814, 910. The third sub-multiplexer 908, 
910 exchanges data between two groups, each having four adjoining buses. 
The third sub-multiplexer 908, 910 is denoted with 4X. The control is now a 
little different from that in Figure 8. Index n in the binary counter 824 has now 
five bits and p has three bits. Three most significant bits of n now control the 
sub-multiplexers of the input multiplexer 830, and three least significant bits 
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control the sub-multiplexers of the output multiplexer 832, with control signals 
920, 922, 924, 926 and 928 as illustrated in Figure 9. 

[0046] The path metrics of the state s belong to the memory Mk, 
where k=0, 1,2, 3, 4, 5, 6, 7, if 

(s div (N/8)) XOR (s mod 8) = k, (4) 
where XOR is a bit-wise exclusive OR for a binary number. Thus 
xyz = abc XOR def means that x = a XOR d, y = b XOR e, and z = c XOR f. 
The address of state s in the corresponding memory is 

(sdiv8). (5) 
[0047] Table 3 illustrates the contents of the memories for a code 
with 256 states. For example, if the state is 242, then 242 div (256/8) = 7 and 
242 mod 8 = 2, so 1 1 1 XOR 010 = 101 , which is 5 in decimal. Also 242 div 8 = 
30. The path metric of the state 242 is in the memory M5 at the address 30. 

[0048] For instance, when n=0, the path metrics of the states 0, 1, 
2, 3, 4, 5, 6 and 7 are transferred from the address 0 of the eight input memo- 
ries 850 via the input multiplexer 830 to the path metrics calculation unit 600. 
The input multiplexer 830 does not exchange the routes of the path metrics 
since the three most significant bits of n are zeros, n=00000. The path metric 
calculation unit 600 outputs the path metrics of the states 0, 32, 64, 96, 128, 
160, 192 and 224 that pass through the output multiplexer 832 that does not 
change their buses because the three least significant bits of n are zeros, 
n=00000. The address of each new path metric in its memory 856 equals to 
,the value of its state divided by 8, only the integer part of the quotient counts. 
So the path metric of the state 0 has the output address 0 for the memory M0, 
the path metric of the state 32 has the output address 4 for the memory M1, 
and so on. When n=23, the path metrics of the states 189, 188, 191, 190,185, 
184, 187 and 186 are read from the address 23 of each input memory 850. 
Now the input multiplexer 830 exchanges the buses of the path metrics since 
the three most significant bits of n=10111 are 101. The input multiplexer 830 
performs exchanges with the first 1X sub-multiplexer 810 and the third 4X sub- 
multiplexer 908, so the order of path metrics at the input 606 of the path met- 
rics calculation unit 600 is 184, 185, 1.86, 187, 188, 189, 190 and 191. After 
processing, the path metrics calculation unit 600 outputs the path metrics of 
the states 23, 55, 87, 119, 151, 183, 215 and 247. These path metrics go 
through the output multiplexer 832 that interchanges buses between the path 
metrics according to the three least significant bits of n=10111. Because all 
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three bits are ON, all three different types of routing are done: 1X, 2X and 4X 
sub-multiplexers 814, 812, 910 all perform exchanges. These routings result in 
the order 247, 215, 183, 151, 119, 87, 55 and 23 of the path metrics. The ad- 
dress of the path metric of the state 247 at the memory MO is 30, the address 
of the path metric of the state 21 5 at the memory M1 is 26, and so on. 
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[0049] When the calculation is performed over four trellis columns, 
16 ACS units are needed for each column and thus altogether 64 ACS units 
are needed. The number of the sub-multiplexers within the input and output 
multiplexers increases in a similar way. 

[0050] It is possible to connect two or more path metrics calculation 
units 600 in parallel to boost decoding capacity. For example, two path metrics 
calculation units of Figure 8 have 16 ACS units to compute the path metrics 
over two trellis columns. Nevertheless, the path metric calculation units 600 
can also be connected in a serial manner, i.e. by connecting two or more path 
metrics calculation units 600 into a serial chain. In this option an intermediate 
memory between the path metrics calculation units 600 need not be of a full 
size but capable to store 16 or 32 path metrics. 

[0051] Even though the invention was described above with refer- 
ence to the example according to the accompanying drawings, it is clear that 
the invention is not restricted thereto but may modified in various ways within 
the inventive concept disclosed in the appended claims. 
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